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Abstract Of JP2264227 
PURPOSE:To amplify a wavelength multiplex 
soliton pulse train at a time and to send it over 
a long distance by interposing an erbium 
optical fiber amplifier which excites by a 
semiconductor layer with specific oscillation 
wavelength into a transmission line. 
CONSTITUTIONS single-mode optical fiber 
which is formed by doping erbium is excited by 
laser light with 1.4 - 1.5mum wavelength and 
plural signal light beams which are inputted to 
the erbium-doped single-mode optical fiber 1 1 
and has mutually different wavelength of 1.53 - 
1.60mum are amplified at the same time. Then 
the signal light beams are inputted to the 
single-mode optical fiber 12 for transmission 
as the wavelength multiplex soliton pulse train 
and propagated in the single-mode optical 
fiber 12 for transmission, and the train is 
regenerated and repeated. Thus, a 
semiconductor laser which outputs light with 
optional wavelength in the wavelength range 
can be obtained. Consequently, optical soliton 
is wavelength-multiplexed and transmitted 
over a long distance and the amount of 
information which can be transmitted can be 
increased. 
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Claims 

1. A wavelength-multiplexed light soliton transmission system characterized in that an 
erbium-doped single-mode optical fiber doped with erbium is excited with laser light at a 
wavelength of 1.4-1.5, multiple light signals that each have a wavelength of 1.53-1.60 |im, which 
are of different wavelengths from each other and are input to said Er-doped single-mode optical 
fiber are amplified simultaneously, they are input as a wavelength-multiplexed light soliton pulse 
train to a single-mode optical fiber for transmission to be transmitted in said single-mode optical 
fiber for transmission, and are regenerated and repeated. 

2. The wavelength-multiplexed light soliton transmission system described in Claim 1 
characterized in that the oscillation wavelengths are all in a range of 1 .53-1 .60 jam, the output light 
from multiple DFB semiconductor lasers different from each other is high-speed modulated or 
mode matched, and transform-limited wavelength-multiplexed light pulses are input as the 
aforementioned light signals to the aforementioned Er-doped single-mode optical fiber and 
amplified to the light soliton power level and are regenerated and repeated. 

3. A wavelength-multiplexed light soliton transmitter characterized in that it comprises an 
erbium-doped single-mode optical fiber, 

an excitation light source that outputs light at a wavelength of 1.4-1.5 fim to excite said 
erbium-doped optical fiber, 

and a means whereby multiple light signals each having a unique wavelength between 1 .53 
and 1 .60 jam are input to the aforementioned erbium-doped single-mode optical fiber. 

Detailed explanation of the invention 
Industrial application field 

The present invention relates to a wavelength-multiplexed soliton transmission system and 
device that are small and have high gain. It particular, it relates to a wavelength-multiplexed 
soliton transmission system and a device therefor that use an erbium (Er) optical fiber light 
amplifier. 
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Prior art 

Methods of increasing the transmission capacity of a light soliton transmission system 
include (1) a method to increase the bit rate and (2) a method to perform wavelength-multiplexed 
transmission. The method in (1) is a method whereby the light soliton pulse width is narrowed and 
the repetition cycle of the pulse train is shortened. However, because solitons propagate in optical 
fibers, the required pulse amplitude is inversely proportional to the square of the pulse width, so 
that in order to transmit a light soliton whose pulse width has been made 1/10, a pulse train having 
100-fold increase in amplitude must be transmitted. For example, in order to propagate a light 
pulse of wavelength 1.55 |im with pulse width 1 ps in an optical fiber with a group velocity 
dispersion of -5 ps/km/mm and an effective surface area of 4 x 10" m to give a light soliton, 6.1 
W of peak power are required. This much power is very difficult to obtain with ordinary 
semiconductor lasers, even when high-speed modulation to this extent is possible. While a pulse 
with the required peak power can be realized with a color center laser, configuring and adjusting 
the system is complicated and miniaturization is very difficult, so that it has been unsuited to 
realizing an actual soliton light communication system. 

The method in (2) is a method that achieves expanded information transmission capacity 
with wavelength multiplexing with the information transmission speed per wavelength left 
unchanged. Figure 4 is a block diagram that explains a conventional wavelength-multiplexed 
soliton transmission system. (21)-(27) are pulsed light sources for generating light solitons at 
wavelengths of 1530, 1535, 1540, 1545, 1550, 1555 and 1560 |im, respectively; (31)-(37) are 
optical modulators for optical transmission corresponding to each of the wavelengths; (41)-(47) 
are optical couplers for multiplexing light signals at the respective wavelengths; (12) is a 
single-mode optical fiber for light soliton transmission; (51)-(57) are filters that pass only the 
wavelengths of their respective light signals; and (61)-(67) are optical sensors. For the light soliton 
pulse at each wavelength, light from pulsed light sources (21)-(27) is modulated by optical 
modulators (31)-(37), multiplexed and coupled to optical fiber (12) by multiplexers (41)-(47) for 
soliton transmission. In this case, the output of optical pulsed light sources (21)-(27) must be 
adjusted so that the amplitude of the pulses at each wavelength in optical fiber (12) for soliton 
transmission will be sufficient to generate light solitons. The output of optical fiber (12) for light 
soliton transmission is divided into individual wavelength components by wavelength selection 
filters (51)-(57) and is sensed by optical sensors (61)-(67). Because of optical losses from optical 
fiber (12) for light soliton transmission, a repeater must be inserted before the light soliton 
waveforms break down. With the conventional constitution of repeaters that include 
electro-optical and opto-electric converters, an electrical waveform-shaping circuit, an optical 
sensor, a modulator, and a light source for each wavelength are required for each repeater, and a 
multiplexer and a branching filter are also required to synthesize and separate each wave 



4 



component. This has the disadvantage of making the repeater more complex. Therefore, the 
distinctive feature of solitons, i.e., that waveform reshaping and relaying are possible with only 
light amplification, has not been fully exploited. 

A light amplification method using inductive Raman scattering has been proposed by 
Hasegawa of Bell Labs to transmit light solitons over long distances (A. Hasegawa, Appl. Opt., 
Vol. 23, page 3302 (1984)). This is a method, as shown in Figure 5, in which a soliton pulse in the 
1.55 jam wavelength band attenuated in optical fiber (12) for light soliton transmission and 
excitation light output from excitation light source (14) in the 1.46 jam wavelength band are 
multiplexed by multiplexer (13), the soliton pulse is amplified by an inductive Raman scattering 
effect in Raman amplifying optical fiber (1 5), and light soliton transmission over long distances is 
effected by reshaping the light soliton waveform. An amplifying optical fiber (15) that is 10-30 km 
is required for soliton amplification using inductive Raman scattering. Additionally, to obtain a 
gain of around 5 dB, low loss optical fiber with small spot size is required as amplifying optical 
fiber (15), and large excitation input of 200 mW or more is required. The gain-bandwidth of 
inductive Raman scattering is a band of around 20 nm centered at 1 .55 jam when the excitation 
wavelength is 1 .46 ^.m, so that in the case of wavelength multiplexing at 5 nm intervals as shown 
in Figure 4, 4-wave multiplexing is the limit, and fully exploiting the advantages of wavelength 
multiplexed light soliton transmission has been difficult. 

Problems to be solved by the invention 

Thus, in the prior art, device constitution and handling were complex, and miniaturization 
was difficult. Additionally, for wavelength multiplexing, not only was a large excitation input 
required, but there was also the disadvantage that the multiplexing degree was low. 

The objective of the present invention is to realize a light soliton transmission system and a 
device therefor with which light soliton pulse signals that have been wavelength-multiplexed are 
simultaneously amplified with a lower excitation input than that used in conventional soliton 
amplification using inductive Raman scattering that would have required high induction input, and 
with which multiple wavelength-multiplexed solitons are regenerated and repeated. 

Means to solve the problems 

The system of the present invention is characterized in that as erbium-doped single-mode 
optical fiber is excited with laser light in the 1.4-1.5 Jim wavelength, multiple light signals that 
each have a wavelength of 1 .53-1 .60 jam, which have different wavelengths from each other and 
are input to the erbium-doped single-mode optical fiber are amplified simultaneously, are input to 
a single-mode optical fiber for transmission as a wavelength-multiplexed light soliton pulse train, 
are propagated in the single-mode optical fiber for transmission, and are regenerated and repeated. 
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Here, it could also be a system in which output light from multiple DFB semiconductor 
lasers, the oscillation wavelengths of which are all in the range of 1 .53-1 .60 \im and which are 
different from each other, are high-speed modulated or mode matched, and transform-limited 
wavelength-multiplexed light pulses are input to an erbium-doped single-mode optical fiber as 
signal light and amplified to the light soliton power level, and are regenerated and repeated. 

The device of the present invention is characterized in that it comprises an erbium-doped 
single-mode optical fiber, an excitation light source that outputs light at a wavelength of 1.4-1.5 
jam for exciting the erbium-doped optical fiber, and a means for inputting multiple light signals, 
each having a unique wavelength between 1 .53 and 1 .60 |im, to the erbium-doped single-mode 
optical fiber. 

Operation 

In the present invention, an Er optical fiber amplifier is excited with semiconductor laser 
light at a wavelength of 1 .40-1 .50 |im, light solitons of multiple wavelengths of 1 .530-1.560 jxm 
are regenerated and repeated, and wavelength-multiplexed light soliton transmission is realized. 
The conventional amplification method using inductive Raman scattering depends on nonlinear 
optical effects of the optical fiber; the present invention essentially differs in that the core of the 
optical fiber is doped with Er, and a laser medium that can amplify light solitons in the 1 .53-1.56 
\xm wavelength bandwidth is formed beforehand. A fiber length of around 1 0-30 km is required for 
soliton amplification using inductive Raman scattering, but in the case of an Er-doped optical fiber 
amplifier, the fact that a gain of 10 dB or more can be obtained over a length of several meters 
makes a significant difference. Also, in the case of amplification using inductive Raman scattering, 
a fiber with small diameter spot size and little optical loss must be used to obtain a gain of around 
5 dB; in addition, a higher excitation input of 200 mW or more is required. However, if an 
Er-doped optical fiber amplifier is used, a high gain of around 10 dB can be obtained with low 
excitation input of 100 mW or less. 

With inductive Raman scattering, in the case of excitation in the 1 .46 ^im wavelength band, 
the band is around 20 nm centered at 1 .55 |im, but in the present invention, because an Er-doped 
optical fiber amplifier is used, the band is 40 nm, which is wider, so that wave-multiplexed light 
soliton communication is possible. 

Application examples 

Below, application examples of the present invention are explained below with reference 
to the figures. 
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Application Example 1 

Figure 1 is a figure explaining a first application example of the present invention. In 
Figure 1, (10) is a light source for exciting the Er-doped optical fiber amplifier. (21), (22), (23), 
(24), (25), (26) and (27) are light sources for generating light pulses for light solitons wherein the 
central wavelength of each is displaced 5 nm - 1.530, 1.535, 1.540, 1.545, 1.550, 1.555 and 1.560 
jam, respectively. (31), (32), (33), (34), (35), (36) and (37) are optical modulators for optical 
communication corresponding to each of the wavelengths. (41), 42), (43), (44), (45), (46) and (47) 
are optical couplers for multiplexing light signals. (1 1) is an Er fiber for light soliton amplification 
with an Er-doped core. (12) is a single-mode optical fiber for light soliton transmission. (13) is a 
multiplexer for multiplexing wavelength-multiplexed signal light with the excitation light for Er 
light amplification. (51), (52), (53), (54), (55), (56) and (57) are filters for passing only solitons of 
each signal wavelength. (61), (62), (63), (64), (65), (66) and (67) are the respective light sensors. 

To operate the wavelength-multiplexed soliton transmission system in this application 
example, first, InGaAP semiconductor laser (10) in the 1.4 jim wavelength band, which is the Er 
fiber excitation light source, is turned on. Next, modulation of the light soliton pulses is performed 
by optical modulators (31)-(37) for optical communication for the respective wavelengths of light 
sources (21)-(27) for light soliton pulse generation; the signal light for these seven wavelengths is 
additionally multiplexed by optical couplers (31)-(37) [sic; (41)-(47)], and 
wavelength-multiplexed light soliton signals are produced. The wavelength-multiplexed light 
soliton signals and the output of Er fiber excitation light source (10) are input to Er-doped optical 
fiber amplifier (11) through optical coupler (1 3). A gain of around 1 0 dB over a wavelength range 
of 1.53-1.56 (im is easily obtained by the Er-doped optical fiber amplifier with an excitation light 
input power of 100 mW or less, so that by using this, the modulated signal light pulses at each 
wavelength are amplified to reach an amplitude where they can be transmitted as light solitons in 
single-mode fiber (12) for light soliton transmission. Wavelength-multiplexed solitons propagated 
in fiber (12) for light soliton transmission are divided into individual wavelength components in 
the light-receiving part using filters (51)-(57) that pass only their respective signal light 
wavelength, and are converted into electrical signals using light sensors (61)-(67). 

Various types of optical fibers to which Nd, Pr and the like has been added are known. Of 
these, in order to amplify light in the 1.530-1.60 ixm band, which has the lowest loss, in quartz 
optical fibers, Er-doped optical fibers are most appropriate. In addition, light at a wavelength of 
1.40-1 .50 |im is most appropriate for exciting Er. A semiconductor laser that outputs light at any 
wavelength in this wavelength range can be obtained by changing the InGaAsP composition 
described above. 

As stated above, light solitons can be wavelength-multiplexed and transmitted, and the 
amount of information that can be transmitted can be dramatically increased. As an example, 
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communication using sech 2 format soliton pulses with pulse width of 1 ps is conceivable. The 
soliton pulses propagate in the optical fiber while retaining their waveshape. When the pulse 
repetition rate is set to 10 ps in order to avoid interaction between the light soliton pulses, there is a 
transmission capacity of 100 Gb/s per wavelength. On the other hand, because transform-limited 
pulses with 1 ps pulse width have a wavelength halfwidth of 2.5 nm at a wavelength of 1 .55 |im, 
the wavelength interval for wavelength-multiplexed transmission must be 5 nm or more. Here, a 
transform-limited pulse refers to the fact that the light pulse has no specific form or chirp and that 
the relationship between pulse width At and frequency width Av is associated with a precise 
Fourier transform relationship. For example, in the case of sech 2 type pulses, AvAt = 0.32, and the 
case of Gauss type pulses, AvAt = 0.44. In the case of multiplexing of 7 wavelengths in this 
application example, a ansmission capacity of 7000 Gb/sec is obtained with one optical fiber. With 
light amplification using inductive Raman scattering used in the prior art, the wavelength 
bandwidth of the amplifier is around 20 nm, so that the number of wavelengths that can be 
amplified simultaneously is around 3-4. With the present invention, amplification of solitons over 
a broad band is possible without using multiple-wavelength excitation light sources. With the 
Er-doped optical fiber, wavelength-multiplexed solitons can be transmitted over a long distance at 
intervals every 30 km. 

Application Example 2 

Figure 2 is a block diagram for explaining a second application example of the present 
invention. The same components that were used the first application example are represented with 
the same reference numbers. (71), (72), (73), (74), (75), (76) and (77) are optical fiber couplers for 
multiplexing the signal light pulse of each wavelength with the excitation light for the Er-doped 
optical fiber amplifier. (81), (82), (83), (84), (85), (86) and (87) are DFB (distributed feedback) 
semiconductor lasers with wavelengths of 1.530, 1.535, 1.540, 1.545, 1.550, 1.555 and 1.560 (im, 
respectively. 

DFB lasers (81)-(87) are operated to oscillate continuously, and the output is high-speed 
modulated by optical modulators (3 1)-(37). A Mach-Zehnder waveguide modulator using LiNb03, 
for example, is used as the optical modulator. The modulated signals and excitation light are 
multiplexed by optical fiber couplers (71)-(77) and coupled to Er-doped optical fiber amplifier 
(11), and the signal light pulses are amplified to an amplitude which is in the soliton region. 

By using an optical fiber coupler as a multiplexer, wavelength multiplexing can be realized 
by fusing together the ends of the optical fibers constituting each of the optical fiber couplers. In 
this way, compared to when a semitransparent mirror and a dichroic mirror are used, the insertion 
loss of optical components for coupling, e.g., lenses, can be significantly reduced. The result of 
this is that it is not necessary to make the gain of Er-doped optical fiber amplifier (11) very high, 
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and light solitons can be propagated in single-mode optical fiber (12) with relatively low excitation 
input. And because transform limited pulses can be obtained by combining DFB lasers and 
external modulators, it is possible to suppress waveform deterioration when pulses are propagated 
over long distances. Therefore, by using an Er-doped optical fiber amplifier to compensate for 
losses from optical fiber (12) for light soliton transmission, transmission of 
wavelength-multiplexed light solitons over long distances is possible. 

Application Example 3 

Figure 3 is a block diagram for explaining a third application example of the present 
invention. The same components that were used in the first application example are indicated by 
the same reference numbers. (91)-(97) are mode-matched DFB lasers, and the oscillation 
wavelengths are 1.530, 1.535, 1.540, 1.545, 1.550, 1.555 and L560 |im, respectively. Mode 
synchronization of the DFB lasers can be realized by attaching an external resonator to the laser 
and using an optical modulator placed in the resonator, for example. Transform-limited pulse 
trains wherein the pulse repetition rate is determined by the resonator length are generated from 
mode-matched DFB lasers (91)-(97). The pulse trains are modulated by optical modulators 
(31)-(37), and a signal pulse train is produced. The modulated light signals and laser light for Er 
fiber excitation are multiplexed and coupled to Er-doped optical fiber (1 1) by optical fiber 
couplers (81)-(87), and the signal light pulses are amplified to an amplitude which is in the light 
soliton region. 

Transform-limited pulse trains can easily be generated by using mode synchronization, so 
that by placing an Er-doped optical fiber amplifier (11) every 30 km, for example, and 
compensating for optical losses from optical fiber (12) for light soliton transmission, 
wavelength-multiplexed solitons can be transmitted over long distances of 1000 km or more. 

Effects of the invention 

As explained above, the present invention has the advantage that wavelength-multiplexed 
soliton pulse trains can be amplified at the same time by inserting an Er-doped optical fiber 
amplifier that is excited by a semiconductor laser having an oscillation wavelength at 1 .4-1.5 jam 
into the transmission path, so that the pulse trains can be transmitted over long distances. This 
optical fiber amplifier also uses a semiconductor laser with relatively low output for excitation, 
and has gain in the wavelength range of 1 .53-1 .56 jam, based on the principle of producing a 
population inversion in the amplifying optical fiber and performing amplification. Thus, it has the 
advantage of being able to realize an amplifier that has high gain, is small and has a wide 
wavelength range. Super high-speed optical communication of several hundred Gb/s or more can 
be realized with the present invention. 
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Brief description of the figures 

Figure 1 is a block diagram for explaining a first application example of the transmission 
method and device in the present invention, 

Figure 2 is a block diagram for explaining a second application example of the present 
invention, 

Figure 3 is a block diagram for explaining a third application example of the present 
invention, 

Figure 4 is a block diagram for explaining a conventional light soliton transmission system, 
And Figure 5 is a block diagram for explaining a light amplification method using 
inductive Raman scattering. 

10 Light source for Er-doped optical fiber amplifier excitation 

1 1 Er-doped optical fiber for light soliton amplification 

12 Single-mode optical fiber for light soliton transmission 

13 Multiplexer 

14 Excitation light source for Raman amplification 

1 5 Raman amplifying optical fiber 
21-27 Pulsed light source for light solitons 

31-37 Optical modulator for optical communication 

41-47 Optical coupler 

5 1 -57 Wavelength separating filter 

61-67 Optical sensor 

7 1 -77 Optical fiber coupler 

8 1 -87 DFB semiconductor laser 

9 1 -97 Mode synchronized DFB laser 
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Figure 1 . Block diagram of first application example of present invention 
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Figure 2. Block diagram of second application example 
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Figure 3. Block diagram of third application example 
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Figure 4. Block diagram of conventional light soliton transmission system 
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Figure 5. Block diagram of light amplification using inductive Raman scattering 
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